Breast cancer · Lymphedema · Nursing · Chinese women Summary Background: Lymphedema is the major complication following breast cancer treatment and can persist long periods of time and affect breast cancer survivors' quality of life. Accurate estimation of the risk factors for lymphedema is of significant importance. In this article we report the factors for secondary lymphedema among postmenopausal breast cancer patients after radical mastectomy in China. Patients and Methods: A total of 126 consecutive postmenopausal breast cancer patients who received radical mastectomy were admitted to the Chongqing Breast Cancer Center between July 2009 and June 2010. Circumferential measurement was used to diagnose lymphedema. Results: Among the 126 postmenopausal women with breast cancer, 54 (42.9%) had lymphedema. Body mass index (BMI), lymph nodes status, and radiotherapy were associated with lymphedema. BMI ≥ 25 kg/m 2 (adjusted odds ratio (OR) = 7.5; 95% confidence interval (CI) 2.8-20.1) and radiotherapy (adjusted OR = 3.0; 95% CI 2.0-9.2) were independent predictors of lymphedema. Conclusion: BMI, lymph nodes status, and radiotherapy were the risk factors for lymphedema among Chinese postmenopausal breast cancer patients who underwent radical mastectomy. Clinicians should provide sufficient information for patients and their caregivers to prevent this complication, especially for those who are at high risk of developing lymphedema.
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Introduction
Lymphedema is a major but overlooked complication following breast cancer treatment, which often occurs when the amount of high-protein lymph fluid that needs to be removed from the interstitial tissues exceeds the maximum transport capacity of the lymphatic system [1] . Patients with lymphedema may report sensations such as arm swelling, heaviness, immobility, and pain [2] . Recent studies have reported on the physical, psychological, and overall quality of life of patients with this condition [3, 4] . Lymphedema can emerge immediately or years after treatment [5] , but the majority of women with lymphedema develop it within the first 12-18 months following treatment [6] . A range of risk factors including surgery -especially when accompany by axillary lymph node dissection (ALND), number of lymph nodes removed, lymph node status, radiotherapy, chemotherapy, age, and overweight or obesity are associated with lymphedema [5] [6] [7] [8] [9] [10] . However, findings varied in previous studies because of inconsistencies among diagnostic criteria employed, small sample sizes, and length of follow-up [7, 11] . The clinical treatment of lymphedema encompasses a wide variety of strategies, including manual lymphatic drainage, compression garments, pneumat ic pumps, multilayer bandaging, and surgery [12] . Although these methods can decrease the severity of lymph edema, providing patients with adequate and effective knowledge regarding lymphedema and changing their understanding and behavior towards the condition may be a more effective way of preventing and managing this complication [13] .
Similar to other cancers, age is the most important risk factor for breast cancer. The chances of getting breast cancer increase with age, and more than 50% of women are 50 years or older when they are diagnosed. Currently, although more women are eligible for less invasive breast surgery such as breast conserving surgery (BCS) and sentinel lymph node biopsy (SLNB) which has gradually replaced ALND as the standard of care, women with early-stage breast cancer may opt for mastectomy because of contraindications to radiation therapy or personal preference [14] . Very few studies have reported on lymphedema in older breast cancer survivors, which may arise due to adverse effects of treatment along with improved survival rates in China. This study aims to explore the relationship between risk factors and lymphedema among Chinese postmenopausal breast cancer patients who received radical mastectomy.
Patients and Methods

Participants
After Institutional Review Board (IRB) approval, 126 consecutive patients with breast cancer who received radical mastectomy and ALND were recruited from the Chongqing Breast Cancer Center from July 2009 to June 2010. The Chongqing Breast Cancer Center was established in 1996, and has the most outpatients in Chongqing. All participants signed an informed consent form prior to being interviewed. Eligibility criteria covered Chinese women who i) were > 50 years of age which was selected in compliance with the Surveillance, Epidemiology, and End Results (SEER) definition of older and younger cohorts of breast cancer patients; ii) had been diagnosed with primary breast cancer; iii) had been actively treated for breast cancer (i.e. surgery and/or radiotherapy and/or chemotherapy) for ≥ 6 months; and iv) were Chinese speaking and capable of being interviewed. Exclusion criteria included i) bilateral surgery for invasive breast cancer; ii) recurrent breast cancer; iii) presence of other diseases that could cause edema (e.g. heart failure, renal disease); and iv) lumpectomy. A final sample of 126 patients participated in this study. The sample size was calculated with 95% confidence level (CI) and 5% error bound. We assumed that the conservative proportion of patients developing lymphedema was 10% in order to get the sample size [7] .
Data Collection
Personal data regarding age and height were obtained through self-report during the first interview. Details of treatment and disease including number of lymph nodes removed, lymph node status (positive/negative), radiation therapy, chemotherapy, tumor size, histological grade, co-morbidities (hypertension, diabetes), and affected limb (left/right) were determined from the medical records. The number of lymph nodes removed and the lymph node status were confirmed by the final pathology report. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared and then classified as normal (BMI < 25 kg/m 2 ) or overweight/obese (BMI ≥ 25 kg/m 2 ). Circumferential measurement was used to diagnosis lymphedema. With the olecranon as reference, a plastic tape measure with an accuracy of 1 mm was placed around the arm, and the arm circumference was measured 10 cm above and 5 cm below the elbow. The contralateral arm was measurement at the corresponding sites for comparison. A difference of ≥ 2 cm at any level between the affected and non-affected limbs was indicative of upper extremity lymphedema [7] .
The first interview was held when patients were discharged, and then the lymphedema assessment was carried out every 6 months during a 12-24 month period after breast cancer surgery. In this study, 12 trained nurses with a college degree or above and at least 3 years of work experience joined in the measurement of lymphedema. Once lymphedema was confirmed, patients were required to receive complex decongestive treatment which includes manual lymphatic drainage, compression with multilayer bandages, exercises, and skin care.
Statistical Analysis
Data were analyzed using SPSS 17.0. (SPSS Inc., Chicago, IL, USA). Descriptive statistics (mean, standard deviation (SD), percentage, range) were used to describe the baseline demographics and medical characteristics. Univariate analyses for significant differences in the development of lymphedema according to baseline characteristics were performed by chi square test. The independent variables entered into the multivariate logistic regression analyses included the risk factors with univariate associations under the defined p value, and risk factors that were examined as predictors of lymphedema by other studies even though they were not significant on univariate analysis. All tests were two-sided, and p < 0.05 was taken as statistically significant.
Results
Lymphedema developed at a median of 18 months postoperatively (SD = 4; range 13-24 months). A total of 54 (42.9%) patients had lymphedema. mastectomy and ALND. Table 2 shows the relationship between personal, treatment-related, and disease-related factors and lymphedema. BMI (χ 2 = 16, p = 0.0), lymph node status (χ 2 = 10, p = 0.0), and radiotherapy (χ 2 = 8, p = 0.0) were associated with upper extremity lymphedema. Other risk factors showed no statistically relevant association with lymphedema development. Table 3 shows the results of the logistic regression analysis of personal, treatment-related, and disease-related factors and lymphedema. Patients who were overweight or obese had an 8 times higher relative risk (adjusted 95% CI 2.8-20.1) of developing lymphedema compared with patients who had a normal BMI. Patients who received radiotherapy were 3 times (adjusted 95% CI 2.0-9.2) more likely to develop lymphedema than those who did not receive radiotherapy.
Discussion
In this study, we found that patients who were overweight or obese had an 8-times higher relative risk of developing lymphedema compared with patients who had a normal BMI. Overweight and obesity have been reported as an important factor that increases the risk of lymphedema development [5] [6] [7] [8] [9] . However, weight gain commonly occurs among women with breast cancer, and may both negatively affect quality of life and be a predictor for the development of lymphedema [5] . A recent clinical trial has shown that weight loss can significantly reduce the breast cancer-related lymphedema incidence [15] . On this basis, weight reduction should be a recommendation when managing lymphedema. Oncologists and nurses should encourage their breast cancer survivors to exercise routinely and give dietary advice to maintain a normal body weight.
Lymph node status is an important predictor for prognosis and treatment options in women with breast cancer. Positive lymph nodes mean adjuvant treatments such as chemotherapy, radiotherapy, endocrine therapy, or combined therapy, which may be more than is offered to lymph node-negative patients and may increase the damage to the lymphatic system and surrounding tissues. This may explain why lymph node-positive patients are more prone to lymphedema. Huang/Zhou/Zeng
Chinese postmenopausal breast cancer women are likely to receive mastectomy to prevent recurrence, which is partly due to cultural differences. The last one is that we did not assess all potential risk factors of lymphedema in older women.
Conclusion
Lymphedema is a distressing complication in older women with breast cancer. BMI, lymph node status, and radiotherapy were found to be risk factors of lymphedema development. Early detection and treatment of lymphedema are of the highest importance. Clinicians should provide sufficient information to patients and their caregivers to observe and assess lymphedema-related signs and symptoms. Nurses should provide reasonable dietary recommendations to patients who are overweight or obese and encourage them to take exercise to minimize the risk of developing lymphedema. When receiving radiotherapy, nurses and oncologists should accurately locate the site of exposure to avoid normal tissue being irradiated. Once lymphedema is diagnosed, early intervention (e.g. manual lymph drainage, compression garments) should occur as soon as possible.
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Radiation therapy has been found to be a major and independent risk factor of lymphedema development in some studies [7, 8] . In our study, patients who received radiotherapy had a 3 times higher lymphedema incidence than those who did not. The underlying pathophysiology is that radiotherapy can aggravate edema by causing fibrosis of tissues and muscles surrounding the lymph vessels. Women with breast cancer and a high recurrence risk after BCS or mastectomy would receive radiotherapy as would women with 5 or more positive lymph nodes. With regard to the latter, it should be noted that axillary radiotherapy is applied more commonly in older breast cancer patients.
Other risk factors in this study showed no association with edema in older women with breast cancer. For example, we did not find the number of lymph nodes removed to be significantly associated with lymphedema, which is in contrast with the work of Yen et al. [10] who found the opposite to be the case. This may be in part due to the fact that all women in our cohort received ALND, which limits the study power. Another potential reason is that the number of lymph nodes removed was confirmed by the final pathology report, and many factors such as node size, method of pathologic evaluation, and individual variation contribute to the number of nodes identified.
In summary, the present study examined the risk factors of lymphedema among Chinese postmenopausal breast cancer women. BMI, lymph node status, and radiotherapy were the risk factors of upper extremity lymphedema. BMI and radiotherapy were the independent predictors of upper extremity lymphedema. This study has several limitations: First, we did not measure lymphedema at baseline before surgery, which can affect the incidence of lymphedema in women. Second, the small sample size and data from just a single cancer center limit the ability to generalize the study findings. Third, this study related to older surgical techniques as over 90% of
